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ABSTRACT 
Cooperative Learning was officially introduced in the College of 
Engineering at San Jose State University in 1995 with a two-day 
workshop. The Faculty Instructional Development Program in the 
college maintains interest in the subjsect and provides support for 
instructors who use Cooperative Learning, throughworkshops and 
informal discussions (Conversations onTeaching). This paper dis­
cusses the effectiveness of the programinintroducing, promoting, 
and implementing Cooperative Learningamongthe faculty and 
students in the college ofengineering. A variety ofperformance cri­
teriahave been used in this assessment, some faculty-centered and 
some student-centered. The results indicate that although a rela­
tively small percentage offaculty have chosen to adopt Cooperative 
Learning as a teaching tool in their courses, the impact on student 
attitudes and learning is significant, making the effort worthwhile. 
l. THE FACULTY INSTRUCTIONAL 
DEVELOPMENT PROGRAM 
The Faculty Instructional Development Program (FIDP) was 
initiated in 1995, with a goal to create a learning community within 
the College of Engineering (COE), whose focus is to improve in­
struction to better meet the needs of our students. Specifically, the 
objectives of the program are to introduce, promote, and imple­
ment the use of: 
1. 	Cooperative Learning (CL). 
2. Various teaching techniques to address the diverse learning 
styles ofour students. 
3. Multi-media, including the worldwide web. 

An additional strategic objective is to: 

4. 	Help interested faculty become mentors/coaches for other 
faculty, in the areas of innovative pedagogy and the use of 
technology in instruction. 
The last objective is an important one for the following reasons: 
a. 	 The areas described in objectives 1-3 are quite broad and di­
verse. Therefore, it would not be feasible or effective for a 
single person to provide the expertise, leadership and men­
torship necessary to promote all ofthese areas. 
b. 	It promotes leadership among new faculty, as they choose 
to take responsibility for one of these areas, develop their 
expertise in it, and seiYe as mentors for others. 
c. 	 It promotes collaboration and teamwork, as faculty work 
with each other to overcome challenges. 
This paper focuses only on the first objective to introduce, pro­
mote, and implement CL in the COE. 
II. COOPERATIVE LEARNING 
Johnson, Johnson and Srnith1 define CL as instruction, which 
involves students working in teams to accomplish a common goal, 
under conditions that involve positive interdependence, face-to­
face promotive interaction, individual as well as group accountabili­
ty, and group processing. These conditions distinguish effective CL 
from other forms ofgroup work. A student team may have as a goal 
to understand material presented in class or in a textbook, solve a 
problem, perform an experiment, design a product/process, write a 
report, or even take an exam as a team. Team skills such as leader­
ship, communication, conflict management and decision making, 
are essential for effective CL and must be taught just like any other 
academic skill. 
The purpose of this paper is not to show that CL is an effective 
teaching tool in engineering education. After all, it is now well docu­
mented that CL, when implemented properly, increases faculty 
instructional productivity/ promotes higher order thinking skills in 
students/ and improves student retention,4, 5 especially in the fresh­
man year. This is the reason why a significant investment in time and 
effort has been made in the COE, to introduce and promote CL. 
The purpose ofthis paper is to discuss the effectiveness of the FIDP 
in introducing, promoting, and implementing CL in the COE. 
III. AssESSMENT CRITERIA 
The performance criteria that were used to assess the effective­
ness ofthe program are the following: 
1. The percent offaculty who have attended at least one work­
shop on CL, from the time it was introduced in the college in 
spring 1995, till the end of1999. 
2. The percent offaculty who currently use CL in their classes, 
on a regular basis. 
3. The frequency with which these professors use CL in their 
classes and the percentage ofclass time dedicated to CL activities. 
4. The effectiveness of CL in improving student attitudes and 
learning, from the faculty perspective. 
5. The effectiveness of CL in improving student attitudes and 
learning from the students' perspective. 
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IV. FACULTY PARTICIPATION IN WoRKSHOPS 

ON COOPERATIVE LEARNING 

Cooperative Learning was officially introduced in the COE be­
fore the start of the spring semester, in 1995. Karl Smith,6 a 
renowned expert on CL, was invited to offer a 2-day workshop, 
which was very well attended (67 out of78, or 86% of all full-time 
engineering faculty attended). The following year, the authors kept 
the interest alive with two 2-hour workshops (Mourtos, March 
1996 and Allen, September 1996). Karl Smith revisited our school 
in January 1997 for another 2-dayworkshop and in April1998 for a 
short presentation on CL, as part ofan NSF-sponsored "Shaping the 
Future" one-day conference. Since that time, 2-hour CL workshops 
have been offered on a regular basis by the first author, one at a begin­
ners' level in August for new faculty, and one for more experienced 
users in the fall. Thus, most ofthe engineering faculty have attended 
at least one workshop on CL and some ofthem as many as four. 
In addition to formal workshops, the FIDP offers opportunities 
for faculty to discuss a variety of teaching-related issues on a 
monthly basis, in what we call "Conversations on Teaching." These 
gatherings promote informal interaction among the participants 
and are essential in meeting the goal ofthe FIDP "to create a learn­
ing community within the COE for the purpose of improving in­
struction." Cooperative learning has always been a hot topic in 
many of these conversations, as participants share successes and 
challenges from their own teaching. 
V. FACULTY USE OF COOPERATIVE LEARNING 
A questionnaire was emailed to all full-time faculty in fall1998 to 
inquire about their use ofCL. The response rate was 27% (21 out of 
78 faculty), which is considered very good in surveys of this nature? 
The questions of the survey and the responses are summarized in 
Table 1. 
Ofthe 19 faculty who use CL: 
• 	 10 (53%) were assistant professors, 3 (16%) were associate 
professors, and 6 (31%) were full professors at the time the 
survey was sent. 
• 	 5 (26%) are female and 14 (74%) are male. 
It is worth mentioning at this point that the two reasons given as 
a response to the second question in Table 1 represent the views of 
many engineering faculty, who have never tried using CL and did 
not respond to the questionnaire. 
Perhaps at this point, we should ponder the following philo­
sophical question: Why, after so much publicity in the COE and 
ASEE conferences, so many workshops offered and so many arti­
cles and books written about CL and its benefits, only a relatively 
small percentage offaculty (24%) have decided to adopt CL in their 
classes? 
In the authors' opinion, one possible answer is faculty attitudes 
towards cooperation in general. The current generation of engi­
neering faculty has grown in a very competitive environment. 
This is true not only in the U.S. but all over the world. Many ofus 
had to survive fierce competitions for grades in high school or 
compete in brutal entrance examinations to be admitted to engi­
neering schools. Once in, the competition did not stop. In fact, it 
intensified. With a few exceptions in senior design projects, coop­
eration among students was seldom encouraged. Thus, during 
our years in school, an attitude of "live and let die" or "every 
man/woman for himself/herself" was embedded deep within our 
nature and this attitude is not easy to change. A small proof that 
cooperation, despite its well-known benefits, is not very common 
among engineering faculty, is the following fact: out of 439 re­
search grants awarded in the COE between 1991 and 1998, only 
67 (15%) involved the collaboration of two or more faculty. In 
most of the cases where collaboration did take place, it was be­
tween two people. 
The point is CL involves teaching students how to collaborate 
for the solution of engineering problems. Faculty will not natu­
rally adopt CL in their classes, if they do not feel comfortable 
with the concept of cooperation. Hopefully, this attitude is 
changing. 
On a more positive note, the faculty who have bought into CL 
have indeed formed a small learning community within the 
COE. They participate in our "Conversations on Teaching" on a 
regular basis and collaborate in projects that enhance teaching and 
learning. 
Questions Responses 
1. Are you currently 
using CL in your 
classes on a regular 
basis? 
Yes = 19 faculty 
(24%) 
No= 2 faculty 
(3%) 
2. Ifyou have 
decided against using 
CL, please state your 
reasons: 
(a) I tried CL and it didn't work. It is ineffective as a teaching method 
because it does not allow me enough time to cover the material I need to 
cover in my classes. 
(b) Many of my students, when asked to work on problems in small groups, 
engage instead in conversation or other activities (ex. reading the newspaper 
or doing homework for other classes) unrelated to the task assigned. 
3. How often do you 
use CL in your 
classes? 
At least twice a 
week=7 
Once a week 
=7 
Twice a month 
=3 
Once a month 
=2 
4. What% ofclass 
time do you dedicate 
to CL activities? 




Between 20% and 
30%=6 
Less than 10% 
=3 
Table 1. Summary ofCL use by COE faculty. 

670 Journal ofEngineering Education October2001 

VI. EFFECTS ON STUDENTATTITUDES AND 
LEARNING; FACULTY PERSPECTIVE 
Three tools were used to assess faculty perspective on the effects 
of CL on student attitudes and learning: (a) a short questionnaire 
sent to all CL users, (b) a comparison ofthe distribution ofgrades in 
three courses with and without CL, and (c) comments solicited 
from faculty on why they use CL. 
A. Faculty Survey 
Three questions were emailed to CL users in fall1998. Their re­
sponses are summarized in Table 2. It is evident that most profes­
sors who use CL believe that it does increase their students' under­
standing of the subject matter, even though (in most cases) they do 
not have any hard evidence to support their belie£ 
B. Comparison ifGrade Distributions with and without CL 
The distribution of grades in three courses, with and without 
CL, was compared. These grades were based on absolute standards 
and therefore reflect student learning from the faculty point ofview. 
The higher the grade a student receives in a course, the more he/she 
has learned in the particular subject matter. Thus, the percentage of 
A:s and B's in a given course is a good indication (according to the 
faculty who assigned the grades) ofhow many students learned the 
material well enough to perform at a certain level (85% and above 
for A:s, 70% and above forB's). The results from this comparison 
are summarized in Table 3. 
Table 3 shows that in two out of the three courses for which data 
were available, the percentage ofstudents who earned A's and B' s rose 
significandy when CL was used (from 67% to 76% in ME 111 and 
from 66% to 81% in AE 164). Although there are many factors that 
may affect student performance in a course, this may be an indication 
that CL, when used properly, helps more students get more out of 
each course and perform at a higher level. This result is certainly in 
agreement with current research on teaching and learning in higher 
education. For example, McKeachie8 states that three elements of 
teaching make a difference in students' improvement of thinking 
skills: (a) student discussion, (b) explicit emphasis on problem-solving 
methodology using a variety of examples, and (c) verbalization of 
methods and strategies to encourage development of metacognition. 
The possibility that all three ofthese elements are present in the class­
room on a daily basis is certainly much higher when CL is used, as 
students discuss and solve problems in small groups. 
The third course for which data were available (AE 162) shows 
that CL did not change the distribution of grades much (70% 
before, 69% after). However, in the time period when the data were 
collected, this course underwent many and significant changes, all 
ofwhich made it much more challenging for the students. First, it 
was transformed from a pure lecture course to a lecture/laboratory 














ME 111: Fluid Mechanics 
Fall'87 39 NO 72% 
Spring '88 22 NO 59% 
Weighted average based on the total 
number ofstudents taught w/o CL: 
67% 
Fall '96, sec. 1 42 YES 57% 
Fall '96, sec. 2 34 YES 61% 
Fall'98 49 YES 94% 
Spring'99 69 YES 80% 
Fall '99 48 YES 81% 
Weighted average based on the total 
number ofstudents taught with CL: 
76% 
AE 162: Aerodynamics 
Fall'88 23 NO 69% 
Fall'89 26 NO 73% 
Spring '90 22 NO 59% 
Fall'90 22 NO 73% 
Spring'91 27 NO 70% 
Fall'91 29 NO 86% 
Spring'92 27 NO 82% 
Fall'92 59 NO 59% 
Weighted average based on the total 
number of students taught w/o CL: 
70% 
Fall '93 37 YES 73% 
Fall'94 27 YES 59% 
Spring'97 19 YES 74% 
Weighted average based on the total 
number of students taught with CL: 
69% 
AE 164: Advanced Fluid Mechanics 
Spring'89 21 NO 66% 
Weighted average based on the total 
number of students taught w/o CL: 
66% 
Spring'94 32 YES 72% 
Spring'95 30 YES 90% 
Weighted average based on the total 
number of students taught with CL: 
81% 
Table 3. Comparison ifgrade distribution in three courses, with 
and without CL. 
Questions Yes No Maybe DNR 
1. Do you think CL 
increases the students' 
understanding ofyour 
subject matter? 
12 0 4 3 
2. Do you have any 
evidence to support your 
answer in question 1? 
14 5 0 0 
3. What kind of 
evidence? 
Anecdotal evidence 
= 10 faculty 
Surveys 
= 2 faculty 
Year-to-year exams and 
course grades= 2 faculty 
Table 2. Summary if faculty perspective on the effects ofCL on student learning. 
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Second, a significant design component was added in the form of 
three mini-design projects. These two changes require extensive re­
port writing on the part ofthe students. Third, portfolio assessment 
was introduced in the course, giving the students more responsibili­
ty for their learning as well as its documentation.9 The new course 
requirements could have easily lowered the grades of many stu­
dents, had not CL been available to help students sustain the same 
performance levels. Obviously, the grades in more courses need to 
be examined to gain confidence in this area. 
C. Faculty Comments on CL 
In fall1999 comments were solicited from CL users. Faculty 
were asked to share their reasons why they use CL in their classes. 
Representative excerpts from these comments are included below. 
• 	 One ofthe main reasons I use non-lecture techniques, such as CL, 
is because that is one way I havefound worksfor students to actu­
ally put in the time and effort to become familiar and corifident 
with the subject material beingfocused on. Prior to using these 
methods, I was becoming more andmorefamiliar with the subject, 
but the majority of the students were not. Now, we all are. 
(Chemical Engineering professor) 
• 	 ... With thefirst CL sessiom o.ffered in the COE five years ago, I 
began to adapt theseproven methods andpractices, and I believe this 
greatly increased my iffectiveness in laboratory instruction. I also 
applied the CL methodology in the lecture component oftwo key 
courses, MatE 25 and MatE 115 ... Both courses are challenging 
and tend to 'sort' those students serious about the program. It is my 
goal in these courses, to provide a basis on which to build "esprit de 
corps" amongst the students. I believe use of CL in the classroom 
helps to meet this objective. Students, whom I had one or two years 
earlier in MatE 25, still interact with fellow group members, even 
though the students are in differentprograms. They are interested in 
each other andlook outfor each other. The same is true ofour majors. 
For example, MatE MSgraduates who took the MS oralexam this 
year, studied in base-groups pretty much parallel to thoseformed a 
year or so earlier in MatE 115. We had nine students take the orals 
and all passed; a first in my 19-year experience. Fellowfaculty re­
markedthat thisyear's orals were the best they could recall in terms of 
studentpreparation and delivery. There are a lot ofreasomfor this, 
but in my opinion, one ofthe mainfactors was the succesifUl use of 
CL in the delivery ofMatE 115. I also o.ffer a se!fish reasonfor em
ploying CL methods in the classroom. My SOTE (Student Opinion 
rf Teaching E.ffectiveness) scores increased significantly because I 
have used CL. (Materials Engineering professor) 
• 	 I strongly believe in CL when applied appropriately. I think it 
leads to well-roundedstudents and, in many cases, more motivated 
students. I think CL puts more rfa burden on the students to take 
responsibilityfor their education. .. andthat's agood thing! Imtead 
rfjust sitting taking in some smallportion rfthe lecture, they are 
now more active participants with some accountability. (Aero­
space Engineering professor) 
• Theprimary reason that I use CL is because itprepares studentsfor 
engineering work. In my own undergraduate education, exceptfor 
laboratory classes, almost everything was learned individually. I 
feel that I receivedastrong technical understanding rfengineering. 
However, when I worked in industry I came to realize that techni
cal knowledge was far from enough to complete an engineering 
project. Teamwork and interaction were higher contributors to the 
success rfaproject than being technically correct. I use CL because I 
think it encourages student interaction, and this translates to stu­
dents who are better prepared to succeed in engineering careers. 
Technical understanding is certainly important, but it is easierfor 
a working engineer to acquire technical skills through continuing 
education, than team skills andpersonal interaction. I alsofeel that 
CL keeps the students' attention much better than traditional lec
tures. This is especially true with the move toward 75 or 150
minute class periods, because the ability rfa student to stayfocused 
on the boardfor that length rftime is very limited in a traditional 
lecture. (Civil Engineering professor) 
In summary, faculty who use CL, do so because they find that 
CL increases student motivation and puts more responsibility for 
learning on the students. As a direct result, they find that students 
learn more, especially in class. Moreover, faculty use CL because 
they want to build learning communities among their students. 
They also want to produce well-rounded graduates (i.e., with good 
interpersonal and team skills in addition to technical skills), who 
will be better prepared for the real world. Last but not least, faculty 
who use CL derive greater satisfaction from their teaching. 
VII. EFFECTS ON STUDENT ATTITUDES AND 
LEARNING; STUDENT PERSPECTIVE 
Student perspective on student attitudes and learning was as­
sessed using: (a) a student survey on the effectiveness of CL, and 
(b) student comments on how they feel about CL. 
A. Student Survey 
Six faculty representing four different programs (Aerospace, 
Mechanical, Civil, and General Engineering) used the survey in 
their courses. Data were collected between fall1996 and spring 1999. 
The courses, in which the survey was administered, the number of 








E 10: Introduction to Engineering Freshman 3 107 122 
CE 96 D: Computer-Aided Design Freshman 1 26 28 
ME 111: Fluid Mechanics Junior 3 116 119 
ME 113: Thermodynamics Junior 1 51 63 
AE 162: Aerodynamics Junior 1 8 10 
AE 167: Aerospace Propulsion Junior 1 11 12 
AE 170B: Spacecraft Design Senior 1 8 8 
Table 4. Courses usedto assess the effects of CL on student attitudes and learning. 
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sections and the total number ofresponses in each course are shown (c) Collaboration. 
inTable4. (d) Team/interpersonal skills. 
The survey had forty statements under the following six (e) Communication skills. 
categories: (f) Problem-solving skills. 
(a) Student attitudes related to teamwork Some of the statements in the survey were adapted from refer­
(b) Course-related gains. ence 10. 
1st-year 3rd_year 4th-year All-
Statements course course course Course 
averall:e averall;e average Avera2e 
On Attitudes Related to Teamwork 
1. I enjoy working w. others in and outside the classroom (studying together, 3.7 4.1 4.3 
solving problems, preparing for tests, or performing experiments in the lab). 4.0 
2. I prefer to work independently. 3.2 3.1 2.9 3.1 
3. Working w. others feels less stressful than performing similar tasks alone. 3.7 4.0 3.7 3.8 
4. Knowing that my work affects my partners' grades, makes me try harder. 4.1 4.2 4.6 4.2 
5. Knowing that their work affects my grades makes my partners try harder. 3.5 3.8 4.0 3.7 
6. Shared credit for shared effort is a fair way to grade. 3.3 3.9 4.0 3.7 
7. My grade should depend only on my own efforts. 3.5 3.3 3.1 3.4 
8. I am concerned that my teammates cost me points by not doing their share. 3.4 2.5 3.6 2.9 
On Course-Related Gains 
9. Working w. others has improved my understanding ofthe course material. 3.7 4.1 4.6 4.0 
10. My class scores have been greater as a result ofteam effort. 3.4 3.9 3.8 3.7 
11. My teammates were able to help me learn the material in the course. 3.4 4.0 4.0 3.7 
12. I was able to help my teammates learn the material in the course. 3.6 3.9 3.8 3.8 
On Collaboration 
13. My teammates collaborated in doing the assignments. 3.5 3.9 3.9 3.7 
14. I tried to meet with my teammates but they would not cooperate. 2.6 2.0 1.6 2.2 
On Intemersonal/ Team Skills 
CL has helped me develop my ability to: 
15. Reinforce and support ideas. 3.5 3.9 3.9 3.7 
16. Negotiate agreements and handle conflicts. 3.6 3.7 3.9 3.7 
17. Encourage open discussion of ideas. 3.8 4.0 4.3 3.9 
18. Work for and accept compromises. 3.8 3.9 4.1 3.9 
19. Be aware ofother peoples' feelings. 3.7 3.8 4.0 3.8 
20. Listen to the ideas ofothers with an open mind. 3.8 4.0 4.3 4.0 
21. Ask probing questions that clarify facts, concepts, and relationships. 3.8 4.1 4.3 4.0 
22. Evaluate arguments and evidence so that strengths and weaknesses of 3.7 3.9 4.1 
competing alternatives can be judged. 3.8 
23. Be patient and tolerate ideas/solutions proposed by others. 3.8 3.9 3.9 3.8 
24. Use discussion strategies to analyze and solve a problem. 3.8 4.0 4.1 3.9 
On Communication Skills 
CL has helped me develop my ability to: 
25. Clearly describe problems and ideas orally. I 3.8 3.8 I 4.1 3.8 
26. Clearly describe problems and ideas in writing. 3.6 3.6 3.8 3.6 
On Problem-Solvine: Skills 
CL has helped me develop my ability to: 
27. Identify what information is needed to solve a problem. 3.7 3.9 4.0 3.8 
28. Plan my work and set goals. 3.8 3.7 3.8 3.7 
29. Stay on task while working on a problem. 3.7 3.5 3.8 3.6 
30. Organize information to make it easier to process. 3.8 3.6 3.8 3.7 
31. Apply abstract concepts I ideas to real problems I situations. 3.7 3.7 4.1 3.7 
32. Divide problems into manageable components. 3.8 3.7 3.5 3.7 
33. Understand that a problem may have multiple solutions. 4.0 3.9 3.9 3.9 
34. Develop several methods to solve a problem. 3.9 3.7 4.1 3.9 
35. Define and apply a systematic approach. 3.8 3.7 3.6 3.7 
36. Recognize contradictions I inconsistencies in ideas, data, etc. 3.6 3.8 4.1 3.7 
37. Use established criteria to evaluate and prioritize solutions. 3.6 3.6 4.1 3.7 
38. Recognize flaws in my own thinking. 3.7 3.9 4.4 3.9 
39. Deal with open-ended problems. 3.8 3.9 4.1 3.9 
40. Do design. 3.9 4.0 4.4 4.0 
Table 5. Summary ofstudent perspective on the if.fects ofCL on student attitudes and learning. Scale: 1 =strongly disagree, 2 = disagree, 
3 = do not feel strongly about it, 4 = agree, 5 =strongly agree. 
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Next to each statement, the students were asked to indicate the 
extent to which they agreed or disagreed with that statement. The 
statements ofthe survey and a summary ofthe responses are shown 
in Table 5. The results are discussed in the following subsections: 
1. Attitudes Related to Teamwork: Student responses to the frrst 
eight questions show that they enjoy teamwork and try harder when 
they work in a team. Appreciation for teamwork seems to increase 
from the freshman to the senior year, as students become more ma­
ture. Statements 3 and 8 present two exceptions to this increase. 
The responses to these statements do show a decrease in the level of 
stress as a result of CL between the freshman and junior years. 
However, the stress level seems to be going up again as the senior 
project introduces new demands on student teams and the concerns 
about non-contributing teammates rise. 
2. Course-Related Gains: Here students seem to agree that CL 
helps them get more out of their classes. Student appreciation for 
teamwork and team learning increases from the freshman to the ju­
nior and senior years. Responses to statement 9 are particularly re­
vealing ofthis trend. 
3. Collaboration: In every class that CL has been used, there areal­
ways students who complain that some of their teammates do not 
collaborate well or that they do not show up for group meetings. This 
is a serious concern among faculty who use CL, especially because 
many ofthe students at SJSU work at least part-time and they do not 
spend a lot of time on campus. The student responses to statements 
13 and 14 are particularly encouraging in this regard, as they clearly 
show that for most teams this is not a problem and student collabora­
tion improves dramatically by the time they reach the senior year. 
4. Interpersonal/Team Skills: Again, students of all levels agree 
that CL helps them develop interpersonal and team skills. This re­
sult is important because CL may be the only vehicle in the stu­
dents' education, which provides training in these skills. 
5. Communication Skills: Students again indicate that their com­
munication skills improve as a result ofCL, especially those in oral 
communication. This is no surprise, since CL requires student 
teams to spend a significant amount of time discussing concepts 
and problems. 
6. Problem-Solving Skills: This last category ofskills is critical in 
the assessment ofCL. After all, the most important functions engi­
neers perform in the real world are problem solving and design. If 
CL helped with the development of all the other skills mentioned 
earlier but did nothing about problem solving, its value in engineer­
ing education would be limited. However, as the student responses 
indicate, CL contributes significantly in the development of prob­
lem-solving and design skills. As was mentioned earlier, this result 
is in agreement with other published research. 8 
In summary, students who have used CL for several years in a 
variety ofcourses (seniors) report greater gains from CL than fresh­
men, who are exposed to CL for the first time. 
B. Student Comments on CL 
The following student comments are representative excerpts 
from end-of-semester reflections/evaluations on each course. In 
some cases (AE 162, ME 111), students are not asked to comment 
specifically about their experience with CL, however, many feel that 
their teamwork is one ofthe highlights ofthe course. In other cases 
(MatE 153, MatE 215) students were asked specifically to state 
their opinion about in-class group assignments. 
• 	 I learned the material byfirst trying tofind solutiom on my own 
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and then discussing my findings and failures with my teammates. 
By discussing the solutions in a group I saw the various ways to 
approach aproblem or in some cases the only way, which I may have 
overlooked. (Nathan, AE 162: Aerodynamics, Spring 2001) 
• 	 I have become a betterproblem solver because ofthis class ... My 
ability to communicate and to teach as well as learn from myfel­
low classmates has been improved and I appreciate the 1fort the 
instructor has made to encourage team learning. I have improved 
my ability to lead a team, as I seem to be drawn to the position of 
the team leader most cften. I have learned how to negotiate and 
compromise in team decisiom and how to better argue my view­
point and communicate ideas. I have also learned to question al­
most everything that I hear in an attempt to validate a statement. 
I stronglyfeel that the team aspect ofthis class is one ofthe best that 
I have experienced in all my twelve years ofcollege coursework. 
(Cullen, ME 111: Fluid Mechanics, Spring 2001) 
• 	 One ofthe things that I enjoyed most in this course was the more 
challenging group problems we did Working in groups, iJdone 
correctly, can cut down on the learning time by a significant 
amount. This was the case with my group. (Greg, ME 111: 
Fluid Mechanics, Spring 1999) 
• 	 The teams helped agreat deaL I studied with my teammates on a 
regular basis. This helped me understand the material along with 
getting bettergrades. The team project ofdesigning and building 
the hovercraft was one ofthe highlights ofthe course. (Ricardo, 
ME 111: Fluid Mechanics, Fall1999) 
• 	 In-class group assignments are a great approach to foster student 
interaction. Interactive learning is the best way to accomplish 
things! I was hesitant when you told us we would be doing group 
work but in the end I learned the mostfrom it. (MatE 215: Solid 
State Materials Engineering student, Fall1998) 
• 	 In-class group assignments are very effective in helping us learn 
the materiaL They promote class participation and make time 
pass quickly. Practice problems really help with the homework as 
wellas with exampreparation. (The teamwork) helpedto get dif­
ferent perspectives on the problems. (Wish) we had more time for 
class group assignments. (MatE 153: Properties of Electronic 
Materials student, Fall1997) 
In summary, students may initially be apprehensive about team­
work due to their lack of experience but they quickly get accus­
tomed to working in groups and acknowledge the benefits of CL. 
Last but not least, they enjoy their learning experiences, a factor not 
to be overlooked when we consider student success and retention. 
VIII. CoNCLUSION 
In the COE at SJSU 19 faculty (24% ofthe total), representing al­
most every department, have chosen to adopt CL in their classrooms. 
The percentage of faculty who use CL is certainly low, considering 
the evidence in the literature about the benefits ofCL (see for exam­
ple references 1-5) and the attention the subject has received in engi­
neering education conferences, as well as in the COE in the last seven 
years. Nevertheless, the impact on student learning is significant if 
one considers the following facts: 
Each ofthese 19 professors teaches at least two courses every se­
mester (a conservative estimate considering the teaching load of 
12 semester units (four classes) per semester at our institution. As­
suming an average enrollment of30 students in each course (typical 
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for engineering courses at SJSU), the result is over 1,000 students 
(approximately 25% of the total undergraduate population in the 
COE) who participate in CL every semester. Moreover, every se­
mester, a new group of students benefits from CL, as they take 
required courses in their disciplines taught by these 19 professors. 
Thus, the majority ofthe students in the COE have several opportu­
nities to practice CL before they graduate. 
Although showing the effectiveness ofCL as a teaching technique 
was not one of the objectives of this paper--references [2-5] should 
be consultefl for this purpose-both the students and the faculty sur­
veyed reported many benefits as a result of CL, in areas such as im­
proved understanding of engineering concepts, communication, 
team, problem-solving and design skills. The reported student gains 
increase from the freshman to the senior years. Assuming repeated 
opportunities for CL in several classes throughout their stay at 
SJSU-and that was indeed the case for the students surveyed-this 
is an indication that students become more skilled in teamwork as 
they progress through their studies. By the time they reach their se­
nior year they are more mature and more skilled, so they can get much 
more out of a team project or a team problem-solving session than 
they could get when they were introduced to CL at their freshman 
year. Moreover, the preliminary data presented here, although they 
must be interpreted with caution, show in a more tangible way that 
CL may have increased student performance (measured by grades) 
dramatically in some courses. Thus, CL does indeed contribute to the 
F1DP goal of "improving instruction to better meet the needs ofour 
students." Last but not least, both faculty and students indicate that 
they enjoy their classes more when CL is used. 
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